Background: Chronic obstructive pulmonary disease (COPD) is a major public health problem worldwide. The aim of this study was to evaluate the rate of optic neuropathy in COPD patients. Methods: Forty patients diagnosed with COPD and 60 healthy subjects as control group enrolled. After examination by a pulmonary subspecialist, patients were ranked by Global initiative for chronic Obstructive Lung Disease (GOLD) criteria, and patients with zero grades on GOLD criteria were excluded. Visual evoked potential by checkerboard (raster background) method with a frequency of 2 Hz were done for all participants. P-values less than 0.05 were considered as significant. Results: Fifty-five percent of COPD patients had visual evoked potential abnormalities. Mean P100 latency in both eyes was significantly longer in COPD patients. Average P100/N140 amplitude in both eyes were insignificantly higher in COPD. Conclusion: Higher P100 latency in COPD patients shows demyelinating type of optic nerve involvement; however, further investigation in this area is needed.
Introduction
Chronic obstructive pulmonary disease (COPD) is a main cause of mortality in both developed and developing countries. COPD is a respiratory disease characterized by progressive and partially reversible airflow limitation, which results from an emphysematous destruction of the lung parenchyma and increased airway resistance due to inflammation, bronchospasm, and increased mucous production. 1 There is an increasing need for awareness regarding COPD and to help the thousands of people who suffer from this disease and die prematurely from COPD or its associated complication(s). As a result, a committed group of scientists encouraged the US National Heart, Lung, and Blood Institute and the World Health Organization to form a Global initiative for chronic Obstructive Lung Disease (GOLD). 2 Cardiovascular problems (eg, coronary heart disease), neurological impairments (eg, polyneuropathy), and metabolic disorders (eg, osteoporosis) are also commonly associated with COPD as are psychological alterations such as depression and anxiety. 3 While the presentation, development, and manifestations of COPD are highly variable, as the patient ages, the disease typically gets more severe.
Many studies have shown peripheral neuropathy as an extra pulmonary manifestation of COPD. 4, 5 Many patients with COPD suffer subclinical neuropathy, and this type of neuropathy is correlated with cigarette consumption. 6 Visual evoked potentials (VEP), the electrical potential difference generated in response to visual stimuli, provide a functional measurement of optical pathway. 
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Mikaeili et al Moreover, this evaluation can provide valuable evidence of optic nerve involvement in the primary stages of ophthalmic disease. 7, 8 It has been recently declared that COPD may cause considerable retinal and optic nerve damage. 9 Furthermore, nonarteritic anterior ischemic optic neuropathy in middleaged people is associated with high prevalence of COPD. 10 Therefore we aimed to study the rate of optic neuropathy in COPD patients by VEP evaluations.
Materials and methods
This study was conducted in the Neuroscience Research Center and Tuberculosis and Lung Diseases Research Center of Tabriz University of Medical Science. Forty COPD diagnosed patients were enrolled by a pulmonary subspecialist. In addition, 60 age-matched healthy volunteers were selected as the control group. None of the participants had ophthalmic signs or symptoms. All subjects were referred to a neurologist for the VEP test. After examination by a pulmonary subspecialist and completion of spirometry, patients were classified according to the GOLD criteria. Spirometry was conducted before and after bronchodilator usage, and pulse oximetry was done for all subjects. Patients with zero grades on GOLD criteria were excluded.
After respiratory examinations, the VEP test was performed (four-channel device, Toennis Neuroscreen R plus [Erich Jaeger, Inc., Hoechberg, Germany]) with the checkerboard (raster background) method with a frequency of 2 Hz and 200 irritations.
Participants with refractive error were excluded from the study. Ophthalmoscopic examination was performed bywelltrained personnel, and individuals with any retinal abnormality were excluded (eg, evidence of hypertensive/diabetic retinopathy).
Statistical analysis was performed with SPSS 16 software and P-values less than 0.05 were considered significant. Ethical approval was obtained from the medical ethics committee of the Tabriz University of Medical Sciences. In this study, no invasive intervention was performed, nevertheless written informed consent was given to each participant.
Results
The median age of patients was 60 years (range 32-82 years). Twenty-five percent of patients had a high-risk occupation, and 75% of them had a low-risk one. The duration of symptoms in all patients with COPD was at least 5 years. All healthy volunteers were nonsmokers and had no symptoms of lung disease. As expected, their spirometric indexes were statistically different from those of the COPD patients.
In the COPD group, 59.4% (19/32) of male and 37.5% (3/8) of female patients had optic nerve abnormalities on VEP. Results of VEP studies in two groups are shown in Table 1 . Figures 1 and 2 show VEP wave patterns of a healthy individual in the control group and VEP of a patient with COPD, respectively.
Mean P100 latency in both eyes was significantly longer in COPD patients. However, the average P100/N140 amplitude in both eyes were higher in the COPD group. The amplitudes in both groups were in normal ranges; hence, this finding is clinically insignificant.
Discussion
Axonal degeneration, secondary demyelination, and abnormal endoneurial vessels characterize peripheral nerve neuropathy in respiratory insufficiency due to COPD. [11] [12] [13] [14] Hypoxemia causes peripheral nerve damage by harming vasa nervorum. In the early stages of ischemia, some mechanisms are activated to reduce peripheral nerve neuropathy, but these mechanisms become insufficient over time and obvious neuropathy is to be expected. [13] [14] [15] [16] However, unlike peripheral neuropathy, only a few studies have reported the frequency and the clinical or laboratory feature of cranial neuropathies in patients with COPD and severe hypoxemia.
In an Italian study, Nebbioso et al evaluated 22 eyes of cystic fibrosis patients. The visual field was tested by the frequency doubling technology (FDT). The result showed that there is a significant relationship between FDT parameters and spirometry findings of subjects. It can be concluded that hypoxia caused by cystic fibrosis may decrease the optic nerve activity. 17 A similar mechanism of optic nerve involvement can be considered for COPD patients as both sufferers endure chronic hypoxia due to lung disorders.
In another study, Nebbioso et al showed that the traditional VEP is the most practical and sensitive diagnostic test in evaluating optic nerve. Even though this study compared FDT perimetry with VEP in patients with optic neuritis, it is comprehensible that VEP, as an accessible and noninvasive method, still has a place in evaluation of visual pathway. 
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Appenzeller et al reported the existence of neuropathy in COPD patients for the first time. 19 Gupta et al studied 80 men without clinical neuropathy and visual impairment. Forty of them had COPD and 40 of them were healthy. Their study showed statistically significant increase in latency and decrease in P100 amplitude in both eyes of COPD patients compared with the control group. This finding suggests both demyelinating and axonal disorders. 7 However, in the present study we found prolonged P100 latency, but we did not observe any decrease in amplitude of VEP waves in COPD. In contrast to the Gupta study, the average amplitude in the COPD group was increased, but since all figures are within normal ranges, comparison between the two groups seems irrational.
Sohmer et al studied multimodality evoked potentials in cats. It was indicated that severe hypoxemia causes defects in VEP and brain-stem evoked potentials response. It was shown that decrease in arterial pressure can cause more depression in evoked potential. 20 Kayacan et al studied neurophysiologic changes in COPD patients. After taking flash VEP tests, it was indicated that there was no statistically significant difference between the two groups. 21 However, being less sensitive than pattern VEPs, flash VEPs are being used less frequently to determine the disorders of the visual pathway. Today, their clinical use is limited to subjects with severe refractive errors or opacity of ocular media, who cannot visually resolve a pattern stimulus, and very young or uncooperative patients. 22 Ozge et al evaluated optic nerve involvement in 28 patients with severe COPD. 23 They observed significant VEP abnormalities in COPD patients (82.1%) compared with healthy controls. However, seven of their COPD patients had subjective visual complaints including decreased visual acuity, decreased color vision, and attacks of short durations of vision loss. They showed that optic nerve is commonly involved in patients with severe COPD, possibly as part of polyneuropathy, and concluded that VEP abnormalities were related to acidosis, hypercarbia, and airway obstruction, but independent of disease duration, smoking, and age. Results of this study were similar with these studies, and it was shown that in comparison with normal healthy subjects, VEP abnormalities were more common in COPD patients.
Conclusion
In this study, higher P100 latency in COPD group showed demyelinating type of optic nerve involvement in these patients.
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